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Abstract 
This paper designed a DC/DC converter applied to electric vehicles, which uses the strategy of phase-shift full-bridge 
and can realize zero voltage conduction of power switches. This paper carried on a brief introduction to the 
topological structure of the phase-shifted full-bridge ZVS DC/DC converter. A prototype was manufactured and 
processed a series of experiments. The final experimental results were consistent with the simulation, and meet the 
design requirements, which prove the feasibility of design scheme. 
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1. Introduction 
The DC/DC converter could transform an unadjustable direct voltage into an adjustable direct voltage. 
With the development of electric vehicles, DC/DC converter was used in electric vehicles more and more 
widely[1][2]. As the high voltage power of the power battery could be converted to the low voltage power 
by DC/DC converter which could replace the small generator in the traditional vehicles, the electric 
vehicle's layout and structure could be optimized. In this design, a phase-shifted full-bridge ZVS DC/DC 
converter for electric vehicle was designed[3~7]. 
Phase-shifted full-bridge ZVS DC/DC converter was suitable for medium and large power situation. It 
could make full use of the parasitic parameters of the power devices to achieve zero voltage switching 
and improve the switching frequency of the switches. 
2. topological and key of the system  
2.1. topological structure and characteristics 
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The topology of the phase-shifted full-bridge ZVS DC/DC converter was shown in Fig. 1. 
The full-bridge inverter circuit was used in the primary circuit of the transformer. Q1, Q2, Q3 and Q4 
were the power devices such as IGBT or MOSFET. D1, D2, D3 and D4 were the parasitic diodes of Qi 
respectively. And Ci was parasitic capacitor. Lr was the resonant inductor, including the transformer 
leakage inductor and the external inductor. 
Compared with other isolated converter, the input voltage of the full-bridge inverter circuit was just the 
DC bus voltage. The maximum voltage of the switch was the same as the half-bridge circuit on the same 
power level, namely, half of the DC bus voltage. The current through a switch was twice of the half-
bridge circuit. And compared with push-pull circuit, the maximum voltage of the switch was half, and 
didn’t need the center tapped transformer, which makes the circuit more simple and compact. So the full-
bridge converter circuit was more suitable for high power applications. 
 
Fig.1 The system circuit topology  
It could make full use of the parasitic capacitance of the power switch device or the external capacitor 
to achieve zero voltage switching with the phase-shifted full-bridge ZVS control mode. And the circuit 
structure was simple and the reliable. 
2.2. Key problems in phase-shifted full-bridge DC/DC converter 
2.2.1 Duty cycle loss 
Due to the presence of the resonant inductor in the full-bridge ZVS DC/DC converter, the power 
switches on the inverter bridge could achieve zero voltage switching, which reduced the current and 
voltage stress and the loss of the power switches. But when the switches on the lagging-leg were to close, 
the power charged the resonant inductor first. On this time, the original side current was not sufficient to 
provide the load current, the diodes of the rectifier circuit on the secondary side of the transformer were in 
the breakover state, so the voltage of the power switches was clamped to zero voltage by these diodes, 
which resulted in the loss of duty cycle[8]. 
Duty cycle loss was an important phenomenon of ZVS phase-shifted full-bridge DC/DC converter, 
which could reduce the efficiency of converter. The duty cycle of each cycle was: 
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Where Lr was the resonant inductor (including the transformer leakage), IP was the original side 
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current, uDC was the DC input voltage, and T was the period of the PWM control signal. 
2.2.2 The realization condition of the switch tube ZVS 
To achieve the ZVS of switches, the resonant energy should meet: 
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Where Ci was the parasitic capacitance of the power switch tube, and, C1 = C2 = C3 = C4. CT was the 
parasitic capacitance of transformers. 
The ZVS of the leading-leg switches depended on the resonance process of the leading leg. In the process 
of the leading-leg resonance, the transformer was delivering energy, so it could be considered that the 
resonant inductor on the primary side and filter inductor on the secondary side were in series. The 
resonance energy was the sum of the resonant inductor and filter inductor. 
2 2 2 21 1( )
2 2r f p T i DC T DC
E L n L I E C u C u   !                                                                                                  (3) 
Where Lf was the output filter inductor, and ET was the energy of the excitation windings, which was 
relatively small and could be ignored. 
The ZVS of lagging-leg switches depended on the resonance process of the lagging leg. In the process 
of the lagging-leg resonance, the transformer had been short by the MOSFET on the secondary side. At 
this point, the converter was divided into two parts, which meant that the secondary side and the original 
side of the transformer were not connected, so the resonance energy only had relationship with the 
original side: 
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In summary, the key to achieve the ZVS of phase-shifted full-bridge DC/DC converter was to realize 
the ZVS of lagging-leg switches. As long as the switches on the lagging-leg could realize ZVS, the ones 
on the leading-leg could also realize ZVS. 
3. Prototype experiment 
According to the analysis and calculation of the above chapters, a prototype was made: the input 
voltage was  160V~350V, the output voltage 14V, the rated power 2.2Kw, and the operating frequency 
was 100KHz. Inverter full-bridge used the Infineon power switch module F4-50R07W1H3_B11A, 
synchronous rectifier bridge used the Infineon MOSFET IPB180N08S4-02, and the phase-shift controller 
used UCC28950 of TI company. 
Experimental results showed that when the source-drain voltage drops to zero voltage, the gate-source 
voltage was rising from zero. This showed that the power switch of the leading leg was in zero voltage 
switching condition.  
The ZVS realization of the lagging-lef switches was shown in Fig. 2. From the experimental results, 
the waveform could be seen that the driving voltage had already started to rise when the voltage was zero. 
This indicated that the lagging leg didn’t achieve ZVS. The source-drain voltage waveform could be 
observed that the signal had a clear decline before dropped to zero, which showed that the energy storage 
of the resonant inductor wasn’t enough to charge the IGBT parasitic capacitance, and couldn’t make the 
source-drain voltage drop to zero. Because the resonant inductor was too small, no matter how the input 
voltage and load power change, the lagging leg can’t achieve ZVS. This was consistent with the 
theoretical calculation. 
The working efficiencies of the prototype for each working situation were shown in Fig. 3. From the 
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experimental results, it could be seen that, although the lagging leg didn’t achieve ZVS, in the large 
power situation (output current greater than 40A), the efficiency of the converter had been more than 90%, 
and in the 160V input, 50A output situation, efficiency reached the largest 92.5%, which had met the 
needs of the design. 
 
Fig.2 The voltage curves of CEV  and GEV  about the lagging arm 
 
Fig.3 Efficiency of the converter  
4. Conclusion 
In this paper, the characteristics and the main problems of the phase-shifted full-bridge DC/DC ZVS 
converter were analyzed, and the parameters and model of the main components were calculated. On the 
basis of theoretical analysis and modeling simulation, a prototype was developed and the experimental 
results were realized. The design requirements of 160V~350V DC input, 14V DC output, high power 
conversion efficiency of more than 90% were achieved. But in this paper the phase-shifted full-bridge 
controller UCC28950 was not programmable, so some auxiliary functions were limited, including voltage 
detection and protection, current detection and protection, temperature detection and protection, energy 
flow and communication function and so on. Using programmable controller to make the converter work 
in stable conditions and realizing the bidirectional flow of energy would be the emphasis of further 
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research. 
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